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A B S T R A C T
This study sought to determine the inhibitory effect of aqueous extract of different parts
(bark, leaf, and flower) of cotton plant (Gossypium herbaceum) on key enzymes linked with
type 2 diabetes and oxidative stress in rat pancreas in vitro. The aqueous extract (1:10 w/v)
of Gossypium herbaceum was prepared and the ability of the extract to inhibit the activity of
α-amylase and α-glucosidase as well as activities of pro-oxidant Fe2+-induced lipid
peroxidation was determined spectrophotometrically. The results revealed that the three
varieties were able to inhibit the activity of α-amylase and α-glucosidase in rat’s pancreas
in a dose dependent manner (0–88.8 mg/ml). Also, the incubation of pancreas tissue ho-
mogenate in the presence of Fe2+ caused a significant increase (233.3%) in themalondialdehyde
(MDA) content of pancreas homogenate, nevertheless, the introduction of the aqueous extract
inhibited MDA production dose dependently (0–33.33 mg/ml) and also exhibited further an-
tioxidant properties as represented by their high radical scavenging and Fe2+ chelating abilities.
Inhibition of α-amylase and α-glucosidase activities has been the primary treatment for the
management/prevention of type 2 diabetes. Therefore, the α-amylase and α-glucosidase in-
hibitory activities of aqueous extracts of different parts of Gossypium herbaceum in rat pancreas
and prevention of lipid peroxidation in the tissue may be attributed to the presence of poly-
phenol content of the plant.
© 2016 Beni-Suef University. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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1. Introduction
Diabetes mellitus (DM) is a metabolic disorder resulting from
a defect in insulin secretion, insulin action or both. Insulin
deficiency in turn leads to chronic hyperglycemia with distur-
bance of carbohydrate, fat and protein metabolism (Kwon
et al., 2007). Diabetes mellitus often referred to as diabetes is
a condition in which the body either does not produce
enough, or does not properly respond to insulin, a hormone
produced in the pancreas. However, of the several types of
diabetes mellitus, non-insulin dependent diabetes mellitus
(NIDDM) is the most common form of diabetes, accounting
for 90% of all cases. The inhibition of enzymes involved in
the breakdown of starch (α-amylase) and uptake of glucose
(α-glucosidase) have been suggested to be a useful approach
to the management and prevention of Type-2 diabetes (Kwon
et al., 2007; Oboh et al., 2013). Diabetes is the most common
endocrine disorder, and by the year 2010, it was estimated
that more than 200 million people worldwide will have DM
and 300 million will subsequently have the disease by 2025
(American Diabetes Association, 2005). Diabetes is best con-
trolled by either diet alone or exercise (non-pharmacological),
or diet with herbal or oral hypoglycemic agents or insulin
(pharmacological). Majority of people with type 2 diabetes
are overweight and usually have other metabolic disorders of
the insulin resistance syndrome. The major aims of dietary
and lifestyle changes are to reduce weight, improve glycemic
control and reduce the risk of coronary heart disease (CHD),
which accounts for 70% to 80% of deaths among those with
diabetes. α-Amylase is the major form of amylase found in
humans and other mammals, it hydrolyzes α (1–4) glycosidic
bond in starch (Fried et al., 1987). For most humans, starch is
the major source of carbohydrates in the diet; its digestion
begins in the mouth, where salivary α-amylase hydrolyzes
the internal glycosidic linkages of starch, producing short
polysaccharide fragments or oligosaccharides. In the stomach,
salivary α-amylase is inactivated by the low pH, but a second
form of α-amylase, secreted by the pancreas into the small
intestine, continues the breakdown process (Perry et al.,
2004) before the action of α-glucosidases which breaks down
disaccharides into monosaccharide (glucose) which is readily
absorbed through the epithelia cells of the small intestine
into blood stream (Fried et al., 1987). An effective strategy for
type-2 diabetes management has been through the inhibi-
tion of α-glucosidase and pancreatic α-amylase (Krentz and
Bailey, 2005; Oboh et al., 2013). Many commercially available
α-glucosidase inhibitors (acarbose and miglitol) used in the
management of the disease has employed this mechanism.
Intestinal α-glucosidase inhibition, which delays the absorp-
tion of glucose following starch and sucrose conversion
moderates the postprandial blood glucose elevation, and
thus mimics the effects of dieting on hyperglycemia (Kwon
et al., 2006). Pancreatic α-amylase hydrolyzes complex starches
to oligosaccharides in the lumen of the small intestine.
Inhibition of these enzyme systems reduces the rate of
digestion of carbohydrates, and less glucose is absorbed
because the carbohydrates are not broken down into glucose
molecules. In diabetic patients, the short-term effect of drug
therapies is to decrease current blood glucose levels: the
long-term effect is a small reduction in hemoglobin level
(Samantha and Aschenbrenner, 2008).
Natural remedies of medicinal plants are considered effec-
tive and safe alternative treatment for hyperglycemia (Ripsin
et al., 2009). There is a growing interest in herbal remedies
because of their effectiveness, minimal side effects in clini-
cal experience, and relatively low cost (Gupta et al., 2005). Cotton
is usually used as a textile while making clothing and can be
made into yarns and sheets of fabric. It has been cultivated
for women’s menstrual cycle pains and irregular bleeding, ex-
pulsion of placenta after birth and increase of lactation. Cotton
has been used for gastrointestinal issues also, such as hem-
orrhages, nausea, diarrhea, as well as fevers and headaches
especially in the southern United States (Grieve, 2014). Also,
orally administered ethyl ether and ethanol extracts of
Gossypium herbaceum has been seen to significantly decreased
the blood glucose level (Velmurugan and Bhargava, 2014), but
there is dearth of information on the effect of the aqueous
extract which is commonly used in Nigeria in the prevention/
management of type 2 diabetes in folklore medicine. It is
therefore expedient to assess the inhibitory effect of aqueous
extract of different parts of cotton plant (flower, bark, and leaf)
on the key enzymes (α-amylase and α-glucosidase) linked to
type 2 diabetes in other to provide some possible mechanism
of action by which they exert their anti-diabetic properties.
2. Materials and methods
2.1. Materials
2.1.1. Sample collection
The cotton flower, back and leaf was collected from Iworoko
farm inAdo-Ekiti metropolis, and the authentication was carried
out in the Department of Plant Science, Ekiti state University,
Ado-Ekiti. Ekiti State, Nigeria.
2.1.2. Aqueous extract preparation
The cotton flower, bark, and leaf were washed with distilled
water to remove contaminants, air dried and blended. 10 g of
the sample was weighed into 100 ml of distilled water, cen-
trifuged and filtered to obtain a clear supernatant which was
then stored in the refrigerator for subsequent in vitro analy-
sis (Oboh et al., 2007).
2.1.3. Chemicals and reagents
Chemicals and reagents used, such as thiobarbituric acid (TBA),
1,10-phenanthroline, deoxyribose, garlic acid, Folin–Ciocalteu’s
reagent were procured from Sigma-Aldrich, Inc., (St Louis, MO).
Trichloroacetic acid (TCA) was sourced from Sigma-Aldrich,
Chemie GmbH (Steinheim, Germany), dinitrophenyl hydra-
zine (DNPH) fromACROS Organics (New Jersey, USA), hydrogen
peroxide, methanol, acetic acid, thiourea, CuSO4.5H2O, H2SO4,
sodium carbonate, AlCl3, potassium acetate, Tris-HCl buffer,
sodium dodecyl sulphate, FeSO4, potassium ferricyanide and
ferric chloride were sourced from BDH Chemicals Ltd., (Poole,
England), while the water was glass distilled.
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2.2. Methods
2.2.1. Determination of vitamin C
Vitamin C content of the different parts of Gossypium herbaceum
was determined using the method of Benderitter et al. (1998).
Briefly, 75 μl DNPH [2 g dinitrophenyl hydrazine, 230 mg thio-
urea and 270mg CuSO4.5H2O in 100ml of 5 M H2SO4) were added
to 500 μl reaction mixture [300 μl of appropriate dilution of the
extracts with 100 μl 13.3 % trichloroacetic acid (TCA) and water].
The reaction mixture was subsequently incubated for 3 h at
37 °C, then 0.5 ml of 65 % H2SO4 (v/v) was added to the medium,
and the absorbance was measured at 520 nm in the JENWAY
UV-Visible spectrophotometer. The vitamin C content of the
different parts of Gossypium herbaceum was subsequently cal-
culated using ascorbic acid as standard.
2.2.2. Determination of total phenol content
The total phenol content was determined according to the
method of Singleton et al. (1999). Briefly, appropriate dilu-
tions of the different parts of Gossypium herbaceum extracts were
oxidized with 2.5 ml 10% Folin–Ciocalteu’s reagent (v/v) and
neutralized by 2.0 ml of 7.5% sodium carbonate. The reaction
mixture was incubated for 40 minutes at 45 °C and the absor-
bance was measured at 765 nm in the JENWAY UV-Visible
spectrophotometer. The total phenol content was subse-
quently calculated as garlic acid equivalent.
2.2.3. Determination of total flavonoid content
The total flavonoid content was determined using a slightly
modified method reported by Meda et al. (2005), briefly 0.5 ml
of appropriately diluted sample was mixed with 0.5 ml metha-
nol, 50 μl 10%AlCl3, 50μl 1M potassium acetate and 1.4 ml water,
and allowed to incubate at room temperature for 30 min. The
absorbance of the reaction mixture was subsequently mea-
sured at 415 nm in the JENWAY UV-Visible spectrophotometer;
the total flavonoid content was subsequently calculated using
quercetin as standard.
2.3. In vitro antioxidant studies
2.3.1. 1, 1-diphenyl–2 picrylhydrazyl free radical scavenging
ability
The free radical scavenging ability of the extracts against DPPH
(1, 1-diphenyl–2 picrylhydrazyl) free radical was evaluated as
described by Gyamfi et al. (1999). Briefly, appropriate dilution
of the extracts (1 ml) was mixed with 1 ml, 0.4 mMmethanolic
solution containing DPPH radicals, the mixture was left in the
dark for 30 min and the absorbance was taken at 516 nm in
the JENWAY UV-Visible spectrophotometer. The DPPH free
radical scavenging ability was subsequently calculated.
2.3.2. Determination of reducing property
The reducing property of the extracts was determined by as-
sessing the ability of the extract to reduce FeCl3 solution as
described by Oyaizu (1986). 2.5 ml aliquot wasmixed with 2.5 ml
200 mM sodium phosphate buffer (pH 6.6) and 2.5 ml 1% po-
tassium ferricyanide. The mixture was incubated at 50 °C for
20 min., and then 2.5 ml 10 % trichloroacetic acid was added.
This mixture was centrifuged at 650 rpm for 10 min. 5 ml of
the supernatant was mixed with an equal volume of water and
1 ml 0.1% ferric chloride. The absorbance was measured at
700 nm in the JENWAY UV-Visible spectrophotometer.The ferric
reducing antioxidant property was subsequently calculated as
ascorbic acid equivalent.
2.3.3. 1, 2′-azino-bis(3-ethylbenzthiazoline-6-
sulphonicacid)(ABTS) radical scavenging ability
The ABTS* scavenging ability of the extracts were deter-
mined according to the method described by Re et al. (1999).
The ABTS* was generated by reacting an (7 mmol/l) ABTS
aqueous solution with K2S2O8 (2.45 mmol/l, final concentra-
tion) in the dark for 16 h and adjusting the Abs734nm to 0.700
with ethanol. 0.2 ml of appropriate dilution of the extract was
added to 2.0 ml ABTS* solution and the absorbance were mea-
sured at 734 nm after 15mins in the JENWAY UV-Visible
spectrophotometer. The trolox equivalent antioxidant capac-
ity was subsequently calculated.
2.3.4. Fe2+ chelation assay
The Fe2+ chelating ability of the extracts were determined using
a modified method of Minotti and Aust (1987) with a slight
modification by Puntel et al. (2005). Freshly prepared 500 μM
FeSO4 (150 μl) was added to a reaction mixture containing 168
μl 0.1M Tris-HCl (pH 7.4), 218 μl saline and the extracts (0–
25 μl). The reaction mixture was incubated for 5 min, before
the addition of 13 μl 0.25% 1, 10-phenanthroline (w/v). The ab-
sorbance was subsequently measured at 510 nm in the JENWAY
UV-Visible spectrophotometer.The Fe (II) chelating ability was
subsequently calculated.
2.3.5. Fenton reaction (degradation of deoxyribose)
The method of Halliwell and Gutterdge (1981) was used to de-
termine the ability of the extract to prevent Fe2+/ H2O2 induced
decomposition of deoxyribose.The extract 0–100 μL was added
to a reaction mixture containing 120 μL of 20 mM deoxyri-
bose, 400 μL of 0.1M phosphate buffer, 40 μL of 500 μM of FeSO4,
and the volume were made up to 800 μL with distilled water.
The reaction mixture was incubated at 37 °C for 30 minutes
and the reaction was then stopped by the addition of 0.5 ml
of 2.8% trichloroacetic acid. This was followed by addition of
0.4 ml of 0.6% thiobarbituric acid (TBA) solution.The tubes were
subsequently incubated in boiling water for 20 minutes. The
absorbance was measured at 532 nm in the JENWAY UV-
Visible spectrophotometer. The OH* scavenging ability was
subsequently calculated.
2.4. Lipid peroxidation assay
2.4.1. Preparation of tissue homogenates
The rats were decapitated under mild diethyl ether anesthe-
sia, and the pancreas was rapidly isolated and placed on ice
and weighed. This tissue was subsequently homogenized in
cold saline (1/10 w/v) with about 10 up-and-down strokes at
approximately 1200 rev/min in aTeflon glass homogenizer.The
homogenates were centrifuged for 10 min at 3000×g to yield
a pellet that were discarded, and a low-speed supernatant (S1)
were kept for lipid peroxidation assay (Belle et al., 2004).
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2.4.1.1. Lipid peroxidation and thiobarbituric acid reactions. The
lipid peroxidation assay was carried out using the modified
method of Ohkawa et al. (1979), briefly 100 μl S1 fraction was
mixed with a reaction mixture containing 30 μl of 0.1M pH 7.4
Tris-HCl buffer, extract (0–100μl) and 30 μl of 250 μM freshly pre-
pared FeSO4. The volume was made up to 300 μl water before
incubation at 37 °C for 1 h. The color reaction was developed
by adding 300 μl 8.1% SDS (sodium dodecyl sulphate) to the
reaction mixture containing S1. This was subsequently fol-
lowed by the addition of 500 μl of acetic acid/HCl (pH 3.4)
mixture and 500 μl 0.8%TBA (thiobarbituric acid).This mixture
was incubated at 100 °C for 1 h.TBARS (thiobarbituric acid re-
active species) produced were measured at 532 nm in the
JENWAY UV-Visible spectrophotometer, and the absorbance
was compared with that of standard curve using MDA
(malondialdehyde).
2.5. Enzyme inhibition assays
2.5.1. α-Amylase inhibition assay
The α-amylase inhibitory activity was determined according
to the method of Bernfield (1951). The aqueous extracts dilu-
tion (500 μl) and 500 μl of 0.02 mol/l sodium phosphate buffer
(pH 6.9 with 0.006 mol/l NaCl) containing Hog pancreatic
α-amylase (EC 3.2.1.1) (0.5 mg/ml) were incubated at 25 °C for
10 minutes. Then, 500 μl of 1% starch solution in 0.02 mol/l
sodium phosphate buffer (pH 6.9 with 0.006 mol/l NaCl) was
added to the reacting mixture.Thereafter, the reaction mixture
was incubated at 25 °C for 10 min and stopped with 1.0 ml of
dinitrosalicylic acid (DNSA). The mixture was then incubated
in a boiling water bath for 5 min, and cooled to room tem-
perature.The reactionmixture was then diluted by adding 10ml
of distilled water, and absorbance measured at 540 nm in the
JENWAY UV-Visible spectrophotometer.The α-amylase inhibi-
tory activity was expressed as percentage inhibition.
2.5.2. α-Glucosidase inhibition assay
The α-glucosidase inhibitory activity was determined accord-
ing to the method of Apostolidis et al. (2007). Appropriate
dilution of the aqueous extracts (50 μl) and 100 μl of
α-glucosidase solution were incubated at 25 °C for 10min.There-
after, 50 μl of 5 mmol/l p-nitrophenyl-α-D-glucopyranoside
solutions in 0.1 mol/phosphate buffer (pH 6.9) was added.The
reacting mixture was then incubated at 25 °C for 5 min, before
reading the absorbance at 405 nm in the JENWAY UV-Visible
spectrophotometer. The α-glucosidase inhibitory activity was
expressed as percentage inhibition.
2.6. Data analysis
The results of the three replicates were pooled and expressed
as mean ± standard deviation (STD). Analysis of variance
(ANOVA) and the least significance difference (LSD) were carried
out (Zar, 1984).
3. Results
The results of the total phenol, flavonoid and vitamin C dis-
tribution are presented in Table 1. The phenolic content of
cotton flower (5.14 mg/g) is significantly higher than bark
(3.88 mg/g), while cotton leaf had the least (1.11 mg/g).Vitamin
C also shows same trend indicating cotton flower (1.58 mg/g)
cotton bark (0.45 mg/g), while the cotton leaf has the least
(0.23 mg/g). The total flavonoid content revealed cotton flower
(0.94 mg/g), cotton leaf (0.35 mg/g), and cotton bark (0.12 mg/
g).The ABTS* scavenging ability presented as trolox equivalent
antioxidant capacity (TEAC) is presented in Table 2.The results
revealed that all the extracts scavenged ABTS radical; however,
the cotton leaf (495.145 mmol./TEAC g) had the highest ABTS*
scavenging ability while the flower (208.115 mmol./TEAC g) had
the least. The ferric reducing antioxidant properties (FRAP) of
the cotton parts extract is presented as gallic acid equivalent
in Table 2. There was a significant difference in the FRAP of
the cotton flower (4.7 mg/GAE), bark (1.3 mg/GAE 100 g) to leaf
extracts (0.7 mg/GAE 100 g). The hydroxyl radical (OH) radical
scavenging abilities of the cotton bark and leaf extracts are pre-
sented in Fig. 1. At lower concentration, the bark extract has
the lowest OH radical scavenging ability while at higher con-
centration, flower aqueous extract showed the lowest OH radical
scavenging ability and no significant difference for bark and
leaf extracts. The Fe2+ chelating ability of the extracts is pre-
sented in Fig. 2. The extract was able to chelate Fe2+ in a dose-
dependent manner; cotton leaf had the highest (EC50 = 3.45 mg/
ml) Fe2+ chelating ability, while cotton flower had the least
(EC50 = 4.9 mg/ml). Moreover, the incubation of rat’s pancreas
in the presence of freshly prepared FeS04 caused a signifi-
cant increase in the MDA content of the pancreas (Fig. 3).
Nevertheless, the G. herbaceum extracts significantly inhib-
ited MDA production in the pancreas in a dose-dependent
manner, cotton leaf had the highest inhibitory effect (21.92 mg/
ml) on MDA production in the pancreas (in vitro), while cotton
flower had the least inhibitory ability (EC50 = 26.0 mg/ml).
Table 1 – Total phenol, total flavonoid and Vitamin C
content of different parts of cotton plant (mg/g).
Sample Total phenol Total flavonoid Vitamin C
CtnB 3.88a ± 0.001 0.12a ± 0.0012 0.45a ± 0.002
CtnL 1.11b ± 0.001 0.35b ± 0.00 0.23b ± 0.002
CtnF 5.14c ± 0.03 0.94c ± 0.002 1.58c ± 0.03
Values represent Mean ± Standard deviation of triplicate readings.
Values with the same superscript letters along the column are not
significantly (P < 0.05) different.
CtnB: cotton bark; CtnL: cotton leaf; CtnF: cotton flower.
Table 2 – ABTS radical scavenging ability and Ferric
Reducing Antioxidant Property (FRAP) of different parts
of cotton plant (Gossypium herbaceum).
Sample ABTS FRAP
(mmol/TEAC g) (Mg/GAE 100g)
CtnB 301.74a ± 0.0002 1.3a ± 0.002
CtnL 495.145b ± 1.419 0.7b ± 0.004
CtnF 228.115c ± 7.845 4.7c ± 0.001
Values represent Mean ± Standard deviation of triplicate readings.
Values with the same superscript letters along the column are not
significantly (P < 0.05) different.
CtnB: cotton bark; CtnL: cotton leaf; CtnF: cotton flower.
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Although the extracts were able to inhibit pancreatic α–amylase
activity, however, cotton leaf (4.76 mg/ml) also had the highest
inhibitory effect on the enzyme activity, while cotton flower
(5.50 mg/ml) had the least inhibitory effect on the enzyme ac-
tivity (Fig. 4). Furthermore, the interaction of the G. herbaceum
extracts with α-glucosidase is presented in Fig. 5. In respect
to their EC50, the extracts also inhibited α-glucosidase activ-
ity in a dose-dependent manner with the leaf extract
(EC50 = 4.00 mg/ml) having the highest inhibitory effect while
the flower extract (EC50 = 4.46 mg/ml) had the least.
4. Discussion
Phenols are very important plant constituents because of their
scavenging ability on free radicals due to their hydroxyl groups.
Therefore, the phenolic content of plants may contribute di-
rectly to their antioxidant action (Oboh et al., 2013; Tosun et al.,
2009). A significant linear correlation was found between
the values for the concentration of phenolic compounds
and the antioxidant activity of extracts from G. herbaceum.
Between the values for the concentration of phenolic com-
pounds (Table 1) and antioxidant activity (Table 2) of different
plant extracts of G. herbaceum has been proved a significant
linear correlation. Numerous investigations of the antioxi-
dant activity of plant extracts have confirmed a high linear
correlation between the values of phenol concentration and
antioxidant activity (Ahmed et al., 2015; Borneo et al., 2008).
A significant relationship between antioxidant capacity and total
phenolic content was found, indicating that phenolic com-
pounds are the major contributors to the antioxidant properties
Fig. 1 – OH radical scavenging abilities of aqueous extracts
of different parts of cotton plant (Gossypium herbaceum).
Fig. 2 – Fe2+-chelating ability of aqueous extract of different
parts of cotton plant (Gossypium herbaceum).
Fig. 3 – Inhibition of Fe2+-induced lipid peroxidation of
aqueous extracts of different parts of cotton plant
(Gossypium herbaceum) in rat’s pancreas.
Fig. 4 – α-Amylase inhibition of aqueous extract of different
parts of cotton plant (Gossypium herbaceum).
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of this cotton plant parts.Antioxidants have already been found
in plant materials and supplements. Due to their natural origin,
the antioxidants obtained from plants are of greater benefit
in comparison to synthetic ones (Rohman et al., 2010; Zheng
and Wang, 2001). The use of natural antioxidants from plants
does not induce side effects, while synthetic antioxidants were
found to have genotoxic effect (Ahmed et al., 2015; Chen et al.,
1992; Kahl and Kappus, 1993). Therefore, the investigations of
biological activity and chemical composition of medicinal plants
as a potential source of natural antioxidants are numerous. Fla-
vonoids are class of secondary plantmetabolites with significant
antioxidant and chelating properties and could therefore lower
cellular oxidative stress. Antioxidant activity of flavonoids
depends on the structure and substitution pattern of hy-
droxyl groups (Lee et al., 2013; Sharififar et al., 2008). Vitamin
C has been reported to contribute to the antioxidant activi-
ties of plant food. Vitamin C is a good reducing agent and
exhibits its antioxidant activities by electron donation (Oboh,
2005; Oboh and Akindahunsi, 2004).The prevention of the chain
initiation step by scavenging various reactive species such as
free radicals is considered to be an important antioxidant mode
of action (Dastmalchi et al., 2007). However, since a correla-
tion had been established between the activities of free radicals,
diabetes, and hypertension (Lipinski, 2001). Indeed, pheno-
lics are composed of one (or more) aromatic rings bearing one
or more hydroxyl groups and are therefore potentially able to
quench free radicals by forming resonance-stabilized phenoxyl
radicals (Oboh et al., 2012; Rice-Evans et al., 1996). Moreover,
the ability of antioxidants to chelate and deactivate transi-
tion metals prevents such metals from participating in the
initiation of lipid peroxidation and oxidative stress through
metal catalyzed reaction (Oboh et al., 2007, 2013).The Fe2+ chelat-
ing ability of the extracts could be attributed to the presence
of two or more of the following functional groups: -OH, -SH,
-COOH, PO3H2, C = O, -NR2, -S- and -O- in a favorable structure–
function configuration (Gülçin, 2006; Lindsay, 1996).The higher
Fe2+ chelating ability of these extracts are of immense impor-
tance in the protective ability of the extracts against oxidative
stress, because it is usually too late to attempt to use OH* scav-
engers for therapeutic purposes because of the high reactivity
of OH* (Bayir et al., 2006). The possible mechanism through
which the extracts protect the pancreas could be by Fe2+ che-
lation and the scavenging of OH* (Puntel et al., 2005), since the
extracts had higher Fe2+ chelating ability than OH* scaveng-
ing ability, Fe2+ chelation could be the domineering mechanism
through which the extracts protect the pancreas membrane
from Fe2+ induced lipid peroxidation in pancreas. The inhibi-
tion of α-glucosidase activity slows down the breakdown of
disaccharide to simple glucose, by so doing reduces the amount
of glucose absorbed in the blood (Kwon et al., 2006, 2007). The
strong inhibition of α-glucosidase activity but mild inhibition
of amylase activity of these extracts could address the main
drawback of currently used α-glucosidase and α-amylase in-
hibitors drugs such as acarbose with side effects, such as
abdominal distention, flatulence, meteorism, and possibly di-
arrhea (Bischoff et al., 1994). It has been suggested that such
adverse effects might be caused by the excessive inhibition of
pancreatic α-amylase resulting in the abnormal bacterial fer-
mentation of undigested carbohydrates in the colon (Bischoff,
1994; Horii et al., 1987).Therefore, this result confirms the claim
that natural inhibitors from dietary plants have lower inhibi-
tory effect against α-amylase activity and a stronger inhibitory
activity against α-glucosidase and can be used as effective
therapy for type 2 diabetes with minimal side effects (Kwon
et al., 2006; Oboh et al., 2013).
5. Conclusion
The inhibition of key enzymes linked with type-2 diabetes (α-
amylase and α-glucosidase) and antioxidant abilities of G.
herbaceum extracts could be part of the mechanism, which can
be used to manage and/ or prevent type 2 diabetes.The strong
α-glucosidase inhibition but mild inhibition of α-amylasemakes
it a good nutraceutical for the management of type 2 diabe-
tes with minimal side effects currently observed with some
of the drugs presently used for type-2 diabetes.
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